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@ Semiconductor memory cell with SOI MOSFET. 

(S?) A dynamic semiconductor memory cell 72 
includes a trench 81 having an insulating film 74 
that is used as a dielectric material of a memory 
capacitor, and a MOSFET 80 that is formed by a 
process including a step of transforming a 
polysilicon film 85 on the insulating film 74 into 
a single crystal. The adjacent trenches are insu- 
lated by the insulating film 74 and the MOSFET 
of the Semiconductor-on-lnsulator structure is 
used to provide a structure which can prevent a 
leak current does not need highly accurate 
mask positioning, and can provide a higher 
degree of integration. The SOI MOSFET is de- 
posited on the same insulating film 74 that is 
used as a dielectric material in the capacitor. By 
keeping the surface of the insulating film 74 
over the substrate 71 flush with that of the 
storage electrode layer 73 the SOI MOSFET can 
be formed without a contact opening step for 
the source 76. 
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The present invention relates to a semiconductor 
memory cell, such as used in dynamic random access 
memory devices, and a manufacturing method there- 
for. 

Conventionally, various types of dynamic semi- 
conductor memory cells have been proposed which 
consist of one MOSFET and one trench-type capac- 
itor. Figure 17 is a circuit diagram showing a common- 
ly used dynamic semiconductor memory cell. In Fig- 
ure 17, a MOSFET 10 has electrodes of a gate 11, a 
drain 12 and a source 13. A memory capacitor 14 is 
connected between the source 13 and a substrate 
potential. A word line 15 and a bit line 16 are connect- 
ed to the gate 11 and the drain 12, respectively. 

In the above circuit, when, in the read operation, 
the MOSFET 10 is turned on by applying an energing 
voltage to the word line 1 5, a voltage variation ap- 
pears at the bit line 16 depending on the existence of 
stored charges in the memory capacitor 14. By asso- 
ciating the presence/absence of the stored charge 
with binary information, the read operation is per- 
formed based on the voltage variation at the bit line 
16. 

For example, the following semiconductor mem- 
ory cell structure has been proposed. Figure 18 is a 
partial sectional view showing part of a conventional 
structure of the semiconductor memory cell circuit of 
Figure 17. A plurality of semiconductor memory cells 
20 are formed, for instance, on a p-type silicon sub- 
strate 21. Although not shown in the figure, a plurality 
of semiconductor memory cells 20 are arranged in ar- 
ray on the silicon substrate 21. Each semiconductor 
memory cell 20 is separated by oxide separation re- 
gions 22, and has a memory capacitor 23 and a single 
MOSFET 24. The MOSFET 24 consists of a drain re- 
gion 25 and a source region 26 that are n-type regions 
formed by diffusing n-type impurities into the p-type 
silicon substrate 21 , and a gate electrode 28 made of 
polysilicon formed on a gate oxide film 27. On the 
other hand, the memory capacitor 23 is formed on the 
surface of a trench 30 that is formed in the p-type sil- 
icon substrate 21 in the vicinity of the source region 
26. That is, the memory capacitor 23 is formed by em- 
ploying the p-type silicon substrate 21 as one elec- 
trode and the embedded polysilicon region 32 as the 
other electrode, and insulating these two electrodes 
by an insulating film 31 such as a silicon dioxide film. 
The source region 26 is connected to the embedded 
polysilicon region 32 via an aluminum layer 34. Alu- 
minum layers 35 and 36 are a word line and a bit line 
and connected to the gate electrode 28 and the drain 
region 25 via contact holes provided in the insulating 
film 33, respectively. 

Figure 19 shows a semiconductor memory cell 40 
having a structure described in Published Unexa- 
mined Patent Application No. 2-81471. 41 represents 
a p-type silicon substrate. A MOSFET 42 is formed on 
the silicon substrate 41 via an insulating film 43. A 



trench 44 having approximately the same cross- 
sectional shape as the bottom face of the MOSFET 
42 is provided in the silicon substrate 41 just under 
the MOSFET 42, to constitute a memory capacitor 

5 45. The MOSFET 42 consists of a drain region 46 and 
a source region 47 that are formed by diffusing n-ty- 
pe impurities into a polysilicon film formed on the in- 
sulating film 43, and a gate electrode 50 made of 
polysilicon formed on a gate oxide film 49. 

w On the other hand, the memory capacitor 45 con- 
sists of a nitride film 51 formed on the inner wall of 
the trench 44 and a polysilicon layer 52. A contact 
hole 53 is provided in the insulating film 43, to con- 
nect the source region 47 and the polysilicon layer 52. 

15 A bit line 54 and a word line 55 in the form of an alu- 
minum layer are connected to the drain region 46 and 
the gate electrode 50 via contact holes provided in 
the insulating film 56, respectively. 

PUPA No. 62-98766 describes a structure of a 

20 semiconductor memory cell consisting of a trench- 
type capacitor and a MOSFET using an epitaxial lay- 
er. However, since the epitaxial layer is thicker than 
a single-crystallized film of the SOI structure, a larger 
leak current is likely to occur at a reversely biased pn 

25 junction. That is, the charge stored in the trench-type 
capacitor is likely to leak to a p + -type silicon substrate 
via the pn junction. 

In the case of the structure of Figure 18, a deple- 
tion layer is formed between the source region 26 and 

30 the p-type silicon substrate 21 when the pn junction 
is reversely biased. An alpha ray entering the deple- 
tion layer generates an electron-hole pair, thereby 
causing a leak current The leak current at the re- 
versely biased state will reduce the stored charge in 

35 the memory capacitor 23, thereby shortening the 
storage time. Therefore, it is necessary to set the 
storage time at an unduly long one. Furthermore, it 
is important to increase the capacity of the memory 
capacitor 23. 

40 In the case of the structure of Figure 19, since no 
pn junction is formed between the source region 47 
and the p-type silicon substrate 41, the storage time 
is not shortened due to the leak current at the pn junc- 
tion. However, since all of the p-type region 48 just 

45 under the gate electrode 50, the drain region 46 and 
the source region 47 are made of polysilicon, this 
type of MOSFET will fail to provide good electrical 
characteristics when compared with MOSFETs using 
a single crystal. 

50 Further, since the MOSFET 42 is provided just 

over the trench 44 via the insulating film 43 by con- 
ducting mask positioning, highly accurate mask pos- 
itioning is first required when the contact hole 53 for 
the connection to the memory capacitor 45 is formed 

55 in the insulating film 43, specifically when the open- 
ing area of the trench 44 is small. Highly accurate 
mask positioning is also required when the source re- 
gion 47 is formed on the contact hole 53. Thus, this 
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structure needs highly accurate mask positioning in 
its manufacture. In addition, since this structure re- 
quires that the insulating film 43 be formed on the 
memory capacitor 45 to insulate the MOSFET 42 
from the memory capacitor 45, its manufacturing 5 
process should include steps for forming the insulat- 
ing film 43 and making a contact hole. 

Accordingly, the invention provides a semicon- 
ductor memory cell comprising a semiconductor sub- 
strate; a trench provided in a surface of said sub- io 
strate; an insulating coating provided on the sub- 
strate surface and on the surface of the trench; em- 
bedded charge storage means provided on the insu- 
lating coating on the trench surface so as to fill the 
trench to substantially the same level as the insulat- 15 
ing coating on the substrate surface; a semiconduc- 
tor layer provided on the insulating coating on the 
substrate surface and on the embedded charge stor- 
age means, having two spaced apart impurity re- 
gions of the same conduction type, one of said two 20 
impurity regions being entirely located on the insulat- 
ing coating on the substrate surface; a control elec- 
trode located between said two impurity regions and 
separated from the semiconductor layer by an insu- 
lating layer, an insulating film covering the insulating 25 
coating on the substrate surface, the embedded 
charge storage means, the semiconductor layer and 
the control electrode; and a conductive layer con- 
nected to the impurity region located on the insulating 
coating on the substrate surface via an opening in the 30 
insulating film. 

In a preferred embodiment the semiconductor 
memory cell further comprises: 

a second trench provided in the surface of the 
substrate close to the first trench, the insulating coat- 35 
ing being also provided on the surface of the second 
trench; 

and embedded charge storage means provid- 
ed on the insulating coating on the surface of the sec- 
ond trench so as to fill said second trench to substan- 40 
t rally the same level as the first trench; 

wherein said semiconductor layer is provided 
on the insulating coating on the substrate surface be- 
tween the two trenches and on the embedded charge 
storage means in each of the two trenches, and has 45 
three spaced apart impurity regions of the same con- 
duction type arranged such that a central one of the 
three impurity regions is entirely located on the insu- 
lating coating on said substrate surface between said 
pair of trenches, with control electrodes located be- so 
tween the central impurity region and each of the two 
impurity regions and separated from the semicon- 
ductor layer by an insulating layer, and said insulating 
film covers the insulating coating on the substrate 
surface, the embedded charge storage means, the 55 
semiconductor layer and the control electrodes, said 
conductive layer being connected to the central im- 
purity region via an opening in the insulating film. 



Such semiconductor memory cells typically com- 
prise a MOS (metal-oxide-semiconductor) FET (field- 
effect transistor) and a trench-type capacitor pro- 
duced by SOI (semiconductor on insulator) technolo- 
gy in which a device is formed in a semiconductor re- 
gion provided on an insulator. Such a semiconductor 
memory ceil has a structure which can prevent the 
leak current originating from the pn junction, and 
which can be manufactured easily and does not need 
highly accurate mask positioning in its manufacture. 
A MOSFET having good electrical characteristics 
may easily be formed using the SOI technology. The 
storage time is elongated by combining the MOSFET 
thus formed and a trench-type memory capacitor. 

The invention also provides a semiconductor 
memory cell comprising a semiconductor substrate; 
a pair of trenches provided close to each other in the 
surface of the substrate; an insulating coating provid- 
ed on the surface of each of the trenches; embedded 
charge storage means provided on the insulating 
coating on the surface of each of the trenches so as 
to fill the trench to substantially the same level as the 
substrate surface; a semiconductor layer provided on 
the substrate surface between the pair of trenches 
and on the embedded charge storage means in each 
of the trenches, insulated from the substrate surface 
by an insulating layer formed by ion implantation, and 
having three impurity regions of the same conduction 
type, a central one of the three impurity regions being 
entirely located on the insulating layer formed on the 
substrate surface between the pair of trenches; a pair 
of control electrodes respectively located between 
the central impurity region and each of the other two 
impurity regions, and separated from the semicon- 
ductor layer by an insulating layer; an insulating film 
covering the semiconductor layer and the control 
electrodes; and a conductor layer connected to the 
central impurity region via an opening of said insulat- 
ing film. 

It is preferred that the semiconductor layer is a 
single crystal and the embedded charge storage 
means is a doped semiconductor. 

The invention further provides a method of man- 
ufacturing a semiconductor memory cell, comprising 
the steps of: 

preparing a semiconductor substrate; 

forming a trench In a surface of said substrate; 

forming an insulating coating on said trench 
surface and on said substrate surface; 

filling said trench with a charge storage sub- 
stance to substantially the same level as the insulat- 
ing coating formed on the substrate surface; 

forming a semiconductor layer on the insulat- 
ing coating formed on the substrate surface and on 
the charge storage substance filling trench; 

forming an insulating layer on said semicon- 
ductor layer; 

forming a control electrode on said insulating 
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layer formed on the semiconductor layer so that at 
least part of the control electrode covers the sub- 
strate surface in the vicinity of the trench; 

forming two impurity regions of the same con- 
duction type in the semiconductor layer using the s 
control electrode as a mask; 

forming an insulating film to cover the insulat- 
ing coating formed on the substrate surface, the 
charge storage substance filling the trench, the sem- 
iconductor layer and the control electrode; 10 

forming in the insulating film an opening to al- 
low a connection to one of the two impurity regions; 
and 

forming a conductive layer on the opening and 
the insulating film. 15 

Preferably the method further comprises the 
steps of: 

forming a second trench in the substrate close 
to the first; 

forming an insulating coating on the surface of 20 
the second trench and on a surface of said substrate 
between the trenches; 

filling the second trench with a charge storage 
substance to substantially the same level as the first 
trench; 25 

forming a second control electrode on the in- 
sulating layer formed on the semiconductor layer so 
that at least part of each of two control electrodes 
covers the substrate surface between the pair of 
trenches; 30 

forming a third impurity region of the same 
conduction type as the first two impurity regions in 
the semiconductor layer, using the control electrodes 
as a mask for forming the three impurity regions; 

wherein said semiconductor layer is formed on 35 
the insulating coating formed on the substrate sur- 
face between the pair of trenches and on the charge 
storage substance filling each of the trenches; the in- 
sulating film covers the charge storage substance 
filling each of said trenches, and both of the control 40 
electrodes; and the opening in the insulating film pro- 
vides a connection to a central one of the three im- 
purity regions, which is located on the insulating layer 
formed on the substrate surface between the pair of 
trenches. 45 

The invention also provides a method of manu- 
facturing a semiconductor memory cell, comprising 
the steps of: 

preparing a semiconductor substrate; 

forming a pair of trenches dose to each other so 
in said substrate; 

forming an insulating coating on the surface of 
each of the trenches and on a surface of the sub- 
strate; 

filling each of said trenches wih a charge stor- 55 
age substance; 

flattening the surface of the charge storage 
substance until the insulating layer on the substrate 



surface is removed; 

forming a semiconductor layer on the sub- 
strate surface and on the surface of the charge stor- 
age substance in each of the trenches; 

forming an insulating layer to insulate the sem- 
iconductor layer from the substrate surface by per- 
forming ion implantation from above the surface of 
said semiconductor layer, excluding at least part of 
the surface of the semiconductor layer that is located 
on the surface of the charge storage substance in 
each of the trenches; 

forming an insulating layer on the semicon- 
ductor layer, 

forming a pair of control electrodes on the in- 
sulating layer formed on said semiconductor layer so 
that at least part of each of the control electrodes cov- 
ers the substrate surface between the pair of 
trenches; 

forming three impurity regions of the same 
conduction type in the semiconductor layer using the 
control electrodes as a mask; 

forming an insulating film to cover the semi- 
conductor layer and the control electrodes; 

forming in said insulating film an opening to 
provide a connection to the central impurity region of 
said three impurity regions; 

forming a conductive layer on the opening and 
the insulating film. 

Avantageously, the step of preparing the semi- 
conductor substrate involves preparing a single crys- 
tal semiconductor substrate, and the step of forming 
said semiconductor layer comprises exposing a part 
of a surface of the single crystal semiconductor sub- 
strate by partially removing the insulating coating 
formed on the surface of the single crystal semicon- 
ductor substrate while leaving only a part of the insu- 
lating coating formed on the surface of the single 
crystal semiconductor substrate in the vicinity of the 
or each trench, forming a polycrystalline semicon- 
ductor layer on the remaining part of the insulating 
coating and on the charge storage substance filling 
said trench(es), and transforming the polycrystalline 
semiconductor layer into a single crystal using the ex- 
posed part of the surface of the single crystal semi- 
conductor substrate as a seed. 

Therefore a semiconductor memory cell may be 
formed in which a pair of trenches are provided close 
to each other in a surface of a semiconductor sub- 
strate, and an insulating layer or coating is provided 
on the substrate surface and on the surface of each 
of the trenches. An embedded charge storage means 
is provided on the insulating layer on each trench sur- 
face so as to fill the trench to substantially the same 
level as the insulating layer on the substrate surface. 
A semiconductor layer is provided on the insulating 
layer on the substrate surface between the pair of 
trenches and on the embedded charge storage 
means in each trench. The semiconductor layer has 
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three impurity diffusion layers of the same conduc- 
tion type arranged in a transverse direction apart 
from each other, in which the central impurity region 
of the three impurity regions is entirely located on the 
insulating layer on the substrate surface between the 5 
pair of trenches. A pair of control electrodes are pro- 
vided respectively on the semiconductor layer be- 
tween the central impurity region and the other two 
impurity regions via an insulating layer. An insulating 
film is provided to cover the insulating layer on the 10 
substrate surface, the embedded charge storage 
means, the semiconductor layer and the control elec- 
trodes, and has an opening for providing a connection 
to the central impurity region that is located on the In- 
sulating layer on the substrate surface between the 15 
pair of trenches. A conductor layer is connected to the 
central impurity region via the opening of the insulat- 
ing film. 

Another possible semiconductor memory cell 
has a trench provided in a surface of a semiconductor 20 
substrate, and an insulating layer provided on the 
substrate surface and on the surface of the trench. 
An embedded charge storage means is provided on 
the insulating layer on the trench surface so as to fill 
the trench to substantially the same level as the in- 25 
sulating layer on the substrate surface. A semicon- 
ductor layer is also provided on the insulating layer on 
the substrate surface and on the embedded charge 
storage means. The semiconductor layer has two im- 
purity regions of the same conduction type arranged 30 
in a transverse direction apart from each other, in 
which one of the two impurity regions is entirely lo- 
cated on the insulating layer on the substrate sur- 
face. A control electrode is provided on the semicon- 
ductor layer between the two impurity regions via an 35 
insulating layer. An insulating film is provided to cover 
the insulating layer on the substrate surface, the em- 
bedded charge storage means, the semiconductor 
layer and the control electrode, and has an opening 
for providing a connection to the one impurity region 40 
that is located on the insulating layer on the substrate 
surface. A conductive layer is connected to the one 
impurity region via the opening of the insulating layer. 

Another alternative is for a semiconductor mem- 
ory cell in which a pair of trenches are provided close 45 
to each other in a surface of a semiconductor sub- 
strate, and an insulating layer is provided on the sur- 
face of each trench. An embedded charge storage 
means is provided on the insulating layer on each 
trench surface so as to fill the trench to substantially 50 
the same level as the substrate surface. A semicon- 
ductor layer is provided on the substrate surface be- 
tween the pair of trenches and on the embedded 
charge storage means, insulated from the substrate 
surface by an insulating layer formed by ion implan- 55 
tat ion, and has three impurity regions of the same 
conduction type that are arranged in a transverse di- 
rection apart from each other, in which the central im- 



purity region of the three impurity regions is entirely 
located on the insulating layer formed on the sub- 
strate surface between the pair of trenches. A pair of 
control electrodes are respectively provided on the 
semiconductor layer between the central impurity re- 
gion and the other two impurity regions via an insu- 
lating layer. An insulating film is provided to cover the 
semiconductor layer and the control electrodes, and 
has an opening for providing a connection to the cen- 
tral impurity region that is located on the insulating 
layer formed on the substrate surface between the 
pair of trenches. A conductor layer is connected to the 
central impurity region via the opening. 

Such a semiconductor memory cell may be man- 
ufactured by a process in which a pair of trenches are 
formed in a prepared semiconductor substrate close 
to each other, and an insulating layer or coating is 
formed on a surface of each trench and on a surface 
of the substrate. Then, each trench is filled with a 
charge storage substance to substantially the same 
level as the insulating layer formed on the substrate 
surface. Then, a semiconductor layer is formed on 
the insulating layer formed on the substrate surface 
between the pair of trenches and on the charge stor- 
age substance filling each of the trenches, and an in- 
sulating layer is formed on the semiconductor layer. 
Then, a pair of control electrodes are formed on the 
insulating layer formed on the semiconductor layer so 
that at least part of each control electrode covers the 
substrate surface between the pair of trenches. Sub- 
sequently, three impurity regions of the same con- 
duction type are formed in the semiconductor layer 
using the control electrodes as a mask. Further, an 
insulating film is formed to cover the insulating layer 
formed on the substrate surface, the charge storage 
substance filling each trench, the semiconductor lay- 
er and the control electrodes. Finally, after an open- 
ing is formed in the insulating film to provide a con- 
nection to the central impurity region of the three im- 
purity regions that is located on the insulating layer 
formed on the substrate surface between the pair of 
trenches, a conductive layer is formed on the opening 
and on the insulating film. 

By employing an insulating film used for a trench- 
type memory capacitor also as an insulator for form- 
ing an SOI film, the manufacturing process for a sem- 
iconductor memory cell can be simplified. 

In an alternative manufacturing method a trench 
is formed in a surface of a prepared semiconductor 
substrate, and an insulating layer is formed on the 
trench surface and on the substrate surface. Then, 
the trench is filled with a charge storage substance 
to substantially the same level as the insulating layer 
formed on the substrate surface. Then, a semicon- 
ductor layer is formed on the insulating layer formed 
on the substrate surface and on the charge storage 
substance filling the trench, and an insulating layer 
is formed on the semiconductor layer. Then, a control 
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electrode is formed on the insulating layer formed on 
the semiconductor layer so that at least part of the 
control electrode covers the substrate surface in the 
vicinity of the trench. Subsequently, two impurity re- 
gions of the same conduction type are formed in the 5 
semiconductor layer using the control electrode as a 
mask. Further, an insulating film is formed to cover 
the insulating layer formed on the substrate surface, 
the charge storage substance filling the trench, the 
semiconductor layer and the control electrode. Final- 10 
ly, after an opening is formed in the insulating film to 
provide a connection to one of the two impurity re- 
gions that is located on the insulating layer formed on 
the substrate surface, a conductive layer is formed 
on the opening and insulating film. 15 

In the above manufacturing methods of a semi- 
conductor memory cell, it is preferred that a single 
crystal semiconductor substrate be prepared, and the 
semiconductor layer be formed by exposing a part of 
a surface of the single crystal semiconductor sub- 20 
strata by partially removing the insulating layer 
formed on the surface of the single crystal semicon- 
ductor substrate while leaving only a predetermined 
part of the insulating layer formed in the vicinity of the 
trench, forming a poiycrystalline semiconductor layer 25 
on the remaining part of the insulating layer and on 
the charge storage substance filling the trench, and 
transforming the poiycrystalline semiconductor layer 
into a single crystal using the exposed part of the sur- 
face of the single crystal semiconductor substrate as 30 
a seed. 

In another alternative manufacturing method a 
semiconductor substrate is prepared, a pair of 
trenches are formed in a surface of the substrate 
close to each other, and an insulating layer is formed 35 
on a surface of each trench and on the substrate sur- 
face. Then, a charge storage substance is deposited 
on the insulating layer to fill each trench. Then, a sur- 
face of the charge storage substance is flattened un- 
til the insulating layer on the substrate surface is re- 40 
moved, and a semiconductor layer is formed on the 
substrate surface and on the surface of the charge 
storage substance in each trench. Then, an insulating 
layer is formed to insulate the semiconductor layer 
from the substrate surface by performing ion implan- 45 
tation f rom above a surface of the semiconductor lay- 
er except at least part of the surface of the semicon- 
ductor layer that is located on the surface of the 
charge storage substance in each trench, and there- 
after performing a heat treatment. Then, an insulat- so 
ing layer is formed on the semiconductor layer. Then, 
a pair of control electrodes are formed on the insulat- 
ing layer formed on the semiconductor layer so that 
at least part of each control electrode covers the sub- 
strate surface between the pair of trenches. Subse- 55 
quently, three impurity regions of the same conduc- 
tion type are formed in the semiconductor layer using 
the control electrodes as a mask. Further, an insulat- 



ing film is formed to cover the semiconductor layer 
and the control electrodes. Next, after an opening is 
formed in the insulating film to provide a connection 
to a central impurity region of the three impurity re- 
gions that is located on the insulating layer formed on 
the substrate surface between the pair of trenches, 
a conductive layer is formed on the opening and the 
insulating film. 

A detailed description will now be given of em- 
bodiments of the invention by way of example, with 
reference to the following drawings: 

Figures 1 to 10 show steps in the manufacture of 
a semiconductor memory cell according to a first 
embodiment of the invention; 
Figure 11 shows a partial sectional view of a sem- 
iconductor memory cell according to the first em- 
bodiment of the invention; 
Figure 12 shows a plan view of the semiconduc- 
tor memory cell of Figure 11; 
Figures 13 to 15 show steps in the manufacture 
of a semiconductor memory cell according to a 
second embodiment of the invention; 
Figure 16 shows a partial sectional view of a 
semiconductor memory cell according to the sec- 
ond embodiment of the invention; 
Figure 17 shows a circuit diagram of a dynamic 
semiconductor memory cell; 
Figure 18 shows a partial sectional view illustrat- 
ing a conventional structure for the semiconduc- 
tor memory cell of Figure 17; and 
Figure 19 shows a partial sectional view illustrat- 
ing an alternative conventional structure for the 
semiconductor memory cell of Figure 17. 
In Figure 11 , a semiconductor memory cell 72 has 
a MOSFET 80 and a trench 81 for a memory capacitor 
that is formed in a p-type silicon substrate 71. First, 
the trench 81 is formed in the p-type silicon substrate 
71 (see Figures 1 and 2). Then, an insulating film 74 
is formed not only on the surface of the trench 81 but 
on the surface of the silicon substrate 71 (Figure 3), 
and the trench 81 is filled with polysilicon (a first poly- 
silicon layer 73) (Figure 4). At this time the surface 
of the insulating film 74 formed on the p-type silicon 
substrate 71 (except for the trench portion) becomes 
approximately flush with that of the first polysilicon 
layer 73. That is, the surface of the silicon substrate 
71 other than the trench portion is covered with the 
insulating film 74, and the surface of the insulating 
film 74 is exposed there. As shown in Figures 11 and 
12, parts of the insulating film 74 in the vicinity of a 
pair of bits Aand B are removed to expose the surface 
of the silicon substrate 71. This step is necessary to 
transform into a single crystal a polysilicon film on 
the insulating film 74 by using the exposed part of the 
silicon substrate 71 as a seed. The insulating film 74 
is used as a dielectric material of the memory capac- 
itor and as an SOI film, i.e., an insulating film on 
which a semiconductor region is to be formed. The in- 
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sulating film 74 may be a silicon oxide film or a silicon 
nitride film, or a double layer film thereof. 

Then, a p-type second polysilicon film 85 is 
formed (Figure 5), and transformed into a single crys- 
tal by, for instance, illuminating it with a laser beam. s 
As mentioned above, in this transformation into a sin- 
gle crystal, the neighboring exposed surface of the 
silicon substrate 71 is used as a seed. The unneces- 
sary parts of the second polysilicon film 85 are there- 
after removed. In this film removal step, as is under- to 
stood from the plan view of Figure 12. it suffices that 
the mask positioning is performed so as to assure 
that the trench 81 is generally covered with the part 
of the second polysilicon film 85 that remains on the 
trench 81; that is, the mask positioning need not be 15 
performed with high accuracy. Then, the surface of 
the single-crystallized silicon layer 85 is oxidized to 
form a gate insulating film 78 (Figure 6). Next, a gate 
electrode 79 is formed using a third polysilicon film 
(Figure 7). As is understood from the plan view of Fig- 20 
ure 12, in this gate electrode formation step, the gate 
electrode 79 may overlap with the trench 81 as long 
as the part of the surface of the silicon substrate 71 
that is adjacent to the trench 81 is covered with at 
least part of the gate electrode 79, and, therefore, the 25 
mask positioning need not be performed with high ac- 
curacy either. Then, n + regions 75 and 76 are formed 
by implanting, for instance, phosphorus ions (Figure 
8). Then, an insulating film 82 is formed (Figure 9). 
Further, a via-hole 83 is formed (Figure 10) in the in- 30 
sulating film 82, and the n + region 75 is connected to 
a bit line 84 via the via-hole 83 (Figure 11). 

While in the embodiment described above with 
reference to Figures 1-12 the same film serves both 
as the insulating film 74 for the memory capacitor 35 
and as the insulating film 74 for the SOI, these insu- 
lating films may be formed in separate processes in 
the following manner. First, after the trench 81 is 
formed in the p-type silicon substrate 71 and the in- 
sulating film 74 is formed, the trench 81 is filled with 40 
polysilicon (polysilicon layer 73). Then, the polysili- 
con layer 73 and the insulating film 74 on the surface 
of the silicon substrate 71 are removed (flattened) to 
such an extent that the insulating film 74 deposited 
on the surface of the silicon substrate 71 except the 45 
part deposited in the trench 81 is just removed by 
grinding. Then, the surface of the silicon substrate 71 
is oxidized for the SOI formation. According to this 
process, process parameters of the insulating film for 
the memory capacitor and that for the SOI can be 50 
optimized. However, since the surface of the pdysi- 
licon layer 73 is oxidized in this process, it is neces- 
sary to add a step of forming an opening for connect- 
ing the n* region 76 of the MOSFET 80 to the polysi- 
licon layer 73. Further, although Figures 1-12 show a 55 
structure in which the n* region 75 is shared with the 
MOSFETs 80 of bits A and B to increase the degree 
of integration, two n+ regions 75 may be provided sep- 



arately for the respective MOSFETs 80 of bits A and 
B. 

This memory cell operates as follows. When the 
MOSFET 80 is selected upon application of a positive 
voltage to its gate electrode 79, the charge stored in 
the trench 81 is transferred to the bit line 84 via the 
MOSFET 80 in the read operation. In the write oper- 
ation, charge is stored in the trench 81 via the MOS- 
FET 80 upon application of a voltage to the bit line 84. 
Since the MOSFET 80 is isolated from the silicon 
substrate 71 as is understood from Figure 11, no leak 
current flows into or from the silicon substrate 71. 
Since the junction area of the pn junction formed on 
the insulating film 74 is extremely small, the leak cur- 
rent due to reverse biasing of the pn junction can be 
made small. 

Further, since the MOSFET 80 is formed in the 
single-crystallized silicon layer 85, it can exhibit su- 
perior electrical characteristics. Since the transfor- 
mation into a single crystal is performed using the 
neighboring exposed surface of the silicon substrate 
71 as a seed, it can be performed easily and the re- 
sultant silicon layer 85 has high quality. 

Figure 1 1 shows bits A, B and C. Advantageously, 
even if the interval between bits A and B is reduced, 
no leak current flows between bits A and B because 
the respective trenches 81 are covered with the in- 
sulating film 74. Similarly, no leak current flows be- 
tween bits B and C. 

Figure 16 shows a structure of a semiconductor 
memory cell according to second embodiment of the 
invention. Figures 13-15 show a process for manufac- 
turing the semiconductor memory cell of Figure 16. 
Referring to these figures, the semiconductor mem- 
ory cell and the manufacturing method therefor ac- 
cording to the second embodiment are described be- 
low. 

In Figure 16, a semiconductor memory cell 72 
has a MOSFET 80 and a trench 81 for a memory ca- 
pacitor that is formed in a p-type silicon substrate 71. 
The trench 81 is first formed in the p-type silicon sub- 
strate 71 , and then an insulating film 74 is formed not 
only on the surface of the trench 81 but on the sur- 
face of the silicon substrate 71. Further, the trench 
81 is filled with polysilicon (a first polysilicon layer 73 
used as a charge storage means) (see Figure 13). 

Next, the surface of the silicon substrate 71 is 
flattened by a chemimechanicaJ grinding method to 
such an extent that the insulating film 74 formed on 
the silicon substrate 71 is just removed. Further, an- 
other p-type silicon film 90 is formed on this flat sur- 
face by epitaxial growth (Figure 14). 

Then, oxygen ions are implanted using a mask of 
a photoresist pattern 91 formed on the silicon film 90 
(Figure 15). Although care should be taken to assure 
that the part of the surface of the silicon substrate 71 
between a pair of trenches 81 is not covered with the 
photoresist pattern 91 , it suffices that at least part of 
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the surface of the first polysilicon layer 73 embedded 
in the trench 81 is covered with the photoresist pat- 
tern 91. Therefore, the mask positioning to form the 
photoresist pattern 91 need not be performed with 
high accuracy as in the case of the first embodiment. 
Oxygen ions are implanted to an appropriate depth 
from the surface of the silicon film 90 (e.g., 250 nm) 
so as to reach the surface of the silicon substrate 71 . 
Although not shown in any drawings, the photoresist 
pattern 91 is removed after completion of the oxygen 
ion implantation and then a thermal treatment is per- 
formed to form an insulating film 92 for the SOI (Fig- 
ure 15). 

Then, if desired, the unnecessary parts of the sil- 
icon film 90 are removed. In this removal step, highly 
accurate mask positioning is not required, because it 
suffices that the mask positioning be performed so 
as to assure that the trench 81 is generally covered 
with the silicon film 90 left on the trench 81. After an 
insulating layer is formed on the surface of the re- 
maining silicon film 90, a gate electrode 93 is formed 
by a second polysilicon film. Then, n + regions 75 and 
76 are formed by implanting, for instance, phos- 
phorus ions using the gate electrode 93 as a mask. 
Further, an insulating film 82 for covering the insulat- 
ing layer 92, silicon film 90 and gate electrode 93 is 
formed. After a via-hole 83 is formed in the insulating 
film 82, the n + region 75 is connected to a bit line 84 
via the via-hole 83 (Figure 16). 

The second embodiment of the invention as de- 
scribed above with reference to Figures 13-16 has 
the advantage that MOSFETs having much superior 
electrical characteristics can be realized, in addition 
to the advantages of the first embodiment of the in- 
vention. That is, since the epitaxially grown p-type sil- 
icon film 90 and the oxygen- ion- implanted SOI insu- 
lating layer 92 are employed, the silicon film 90 hav- 
ing superior crystal form can be used for the forma- 
tion of the MOSFET. 

As described above, the storage operation can 
be stabilized by virtue of the elongated storage time 
that is realized by the leak current reduction. Further, 
since the interval between the adjacent trenches can 
be shortened, a higher-density memory device can 
be obtained. 

Since the insulating film 74 for the trench-type 
memory capacitor is also used for the formation of 
the SOI, a structure can be realized in the combina- 
tion of the trench-type memory capacitor and the 
MOSFET that is formed using the SOI which does not 
require highly accurate mask positioning in forming 
the MOSFET, and which can increase the degree of 
integration. 

Furthermore, since it is not necessary to sepa- 
rately form on a surface of the substrate an insulating 
film for insulating the MOSFET from the trench-type 
memory capacitor and make a contact hole, the man- 
ufacturing process is free from the steps of forming 



usch an insulating film and making a contact hole, 
which results in the reduction of manufacturing time 
and cost 

A specific case of constituting a 64-megabit- 

5 class memory is described here. In Figure 11 , the di- 
mensions in the X-direction of the n + region 75, p re- 
gion 77, n + region 76, trench 81, and the interval be- 
tween the trenches of bits A and B are set at 0.4 urn, 
0.4 nm, 0.4 nm, 0.5 nm and 1.0 urn, respectively, in 

w which case the area of the semiconductor memory 
cell becomes approximately 1.4 nm 2 . With these di- 
mensions, a sufficiently large allowance for the mask 
positioning is obtained, and the MOSFET 80 is 
formed so as to have a structure that can provide 

n electrical characteristics good enough to assure that 
it can be put into actual use. 

With regard to the process parameters, the im- 
purity concentrations of the n + regions 75 and 76, n 
region 73 and p region 77 are set at 1 x 10 20 , 1 x 10 20 , 

20 1 x 10 17 and 1 x 10 17 , respectively. Good results are 
obtained if the thickness of the silicon film on the in- 
sulating film 74 is set within the range of 50-2,000 
nm. If the thickness of the n + region 75 is kept con- 
stant, while the thickness of the p region 77 is in- 

25 creased the distance between the first polysilicon 
layer 73 and the n + region 75 is increased equivalent^ 
in the overlapping area of the first polysilicon layer 73 
and the p region 77, to provide a larger allowance for 
the mask positioning. 

30 While the above example is described for the 
case of the minimum dimension 0.4 nm (grand rule), 
if the grand rule 0.25 nm is employed, the area of the 
semiconductor memory cell becomes about 0.5 nm 2 
and it becomes possible to realize 256- megabit- class 

35 semiconductor memories. 



Claims 

40 1. A semiconductor memory cell (72) comprising a 
semiconductor substrate (71); a trench (81) pro- 
vided in a surface of said substrate; an insulating 
coating (74) provided on the substrate surface 
and on the surface of the trench; embedded 

45 charge storage means (73) provided on the insu- 
lating coating on the trench surface so as to fill 
the trench to substantially the same level as the 
insulating coating on the substrate surface; a 
semiconductor layer (85) provided on the insulat- 

50 ing coating on the substrate surface and on the 
embedded charge storage means, having two 
spaced apart impurity regions (75, 76) of the 
same conduction type, one of said two impurity 
regions being entirely located on the insulating 

55 coating on the substrate surface; a control elec- 
trode (79) located between said two impurity re- 
gions and separated from the semiconductor lay- 
er by an insulating layer (78); an insulating film 
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covering (82) the insulating coating on the sub- 
strate surface, the embedded charge storage 
means, the semiconductor layer and the control 
electrode; and a conductive layer (84) connected 
to the impurity region located on the insulating 5 
coating on the substrate surface via an opening 
(83) in the insulating film. 

2. A semiconductor memory cell as claimed in claim 

1 , further comprising: w 

a second trench provided in the surface of 
the substrate close to the first trench, the insu- 
lating coating being also provided on the surface 
of the second trench; 

and embedded charge storage means pro- is 
vided on the insulating coating on the surface of 
the second trench so as to fill said second trench 
to substantially the same level as the first trench; 

wherein said semiconductor layer is pro- 
vided on the insulating coating on the substrate 20 
surface between the two trenches and on the 
embedded charge storage means in each of the 
two trenches, and has three spaced apart impur- 
ity regions of the same conduction type arranged 
such that a central one of the three impurity re- 25 
gtons is entirely located on the insulating coating 
on said substrate surface between said pair of 
trenches, with control electrodes located be- 
tween the central impurity region and each of the 
two impurity regions and separated from the 30 
semiconductor layer by an insulating layer, and 
said insulating film covers the insulating coating 
on the substrate surface, the embedded charge 
storage means, the semiconductor layer and the 
control electrodes, said conductive layer being 35 
connected to the central impurity region via an 
opening in the insulating film. 

3. A semiconductor memory cell comprising a sem- 
iconductor substrate; a pair of trenches provided 40 
close to each other in the surface of the sub- 
strate; an insulating coating provided on the sur- 
face of each of the trenches; embedded charge 
storage means provided on the insulating coating 

on the surface of each of the trenches so as to 45 
fill the trench to substantially the same level as 
the substrate surface; a semiconductor layer pro- 
vided on the substrate surface between the pair 
of trenches and on the embedded charge storage 
means in each of the trenches, insulated from the so 
substrate surface by an insulating layer formed 
by ion implantation, and having three impurity re- 
gions of the same conduction type, a central one 
of the three impurity regions being entirely locat- 
ed on the insulating layer formed on the sub- 55 
strate surface between the pair of trenches; a 
pair of control electrodes respectively located be- 
tween the central impurity region and each of the 



other two impurity regions, and separated from 
the semiconductor layer by an insulating layer; 
an insulating film covering the semiconductor 
layer and the control electrodes; and a conductor 
layer connected to the central impurity region via 
an opening of said insulating film. 

4. A semiconductor memory cell as claimed in any 
preceding claim, wherein said semiconductor lay- 
er is a single crystal. 

5. A semiconductor memory cell as claimed in any 
preceding claim, wherein said embedded charge 
storage means is a doped semiconductor. 

6. A method of manufacturing a semiconductor 
memory celt, comprising the steps of: 

preparing a semiconductor substrate; 
forming a trench in a surface of said sub- 
strate; 

forming an insulating coating on said 
trench surface and on said substrate surface; 

filling said trench with a charge storage 
substance to substantially the same level as the 
insulating coating formed on the substrate sur- 
face; 

forming a semiconductor layer on the insu- 
lating coating formed on the substrate surface 
and on the charge storage substance filling 
trench; 

forming an insulating layer on said semi- 
conductor layer; 

forming a control electrode on said insu- 
lating layer formed on the semiconductor layer so 
that at least part of the control electrode covers 
the substrate surface in the vicinity of the trench; 

forming two impurity regions of the same 
conduction type in the semiconductor layer using 
the control electrode as a mask; 

forming an insulating film to cover the in- 
sulating coating formed on the substrate sur- 
face, the charge storage substance filling the 
trench, the semiconductor layer and the control 
electrode; 

forming in the insulating film an opening to 
allow a connection to one of the two impurity re- 
gions; and 

forming a conductive layer on the opening 
and the insulating film. 

7. The method of claim 6, further comprising the 
steps of: 

forming a second trench in the substrate 
close to the first; 

forming an insulating coating on the sur- 
face of the second trench and on a surface of said 
substrate between the trenches; 

filling the second trench with a charge 
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storage substance to substantially the same level 
as the first trench; 

forming a second control electrode on the 
insulating layer formed on the semiconductor lay- 
er so that at least part of each of two control elec- 5 
trades covers the substrate surface between the 
pair of trenches; 

forming a third impurity region of the same 
conduction type as the first two impurity regions 
in the semiconductor layer using the control 10 
electrodes as a mask for forming the three impur- 
ity regions; 

wherein said semiconductor layer is formed on 
the insulating coating formed on the substrate 
surface between the pair of trenches and on the is 
charge storage substance filling each of the 
trenches; the insulating film covers the charge 
storage substance filling each of said trenches, 
and both of the control electrodes; and the open- 
ing in the insulating film provides a connection to 20 
a central one of the three impurity regions, which 
is located on the insulating layer formed on the 
substrate surface between the pair of trenches. 

8. A method of manufacturing a semiconductor 25 
memory cell, comprising the steps of: 

preparing a semiconductor substrate; 

forming a pair of trenches close to each 
other in said substrate; 

forming an insulating coating on the sur- 30 
face of each of the trenches and on a surface of 
the substrate; 

filling each of said trenches wih a charge 
storage substance; 

flattening the surface of the charge stor- 35 
age substance until the insulating layer on the 
substrate surface is removed; 

forming a semiconductor layer on the sub- 
strate surface and on the surface of the charge 
storage substance in each of the trenches; 40 

forming an insulating layer to insulate the 
semiconductor layer from the substrate surface 
by performing ion implantation from above the 
surface of said semiconductor layer, excluding at 
least par t of t he surface of t he semiconductor lay- 45 
er that is located on the surface of the charge 
storage substance in each of the trenches; 

forming an insulating layer on the semi- 
conductor layer; 

forming a pair of control electrodes on the so 
insulating layer formed on said semiconductor 
layer so that at least part of each of the control 
electrodes covers the substrate surface be- 
tween the pair of trenches; 

forming three impurity regions of the 55 
same conduction type in the semiconductor layer 
using the control electrodes as a mask; 

forming an insulating film to cover the 



semiconductor layer and the control electrodes; 

forming in said insulating film an opening 
to provide a connection to the central impurity re- 
gion of said three impurity regions; 

forming a conductive layer on the opening 
and the insulating film. 

9. The method of claim 6, 7 or 8, wherein the step 
of preparing the semiconductor substrate is pre- 
paring a single crystal semiconductor substrate, 
and wherein the step of forming said semicon- 
ductor layer comprises exposing a part of a sur- 
face of the single crystal semiconductor sub- 
strate by partially removing the insulating coat- 
ing formed on the surface of the single crystal 
semiconductor substrate while leaving only a 
part of the insulating coating formed on the sur- 
face of the single crystal semiconductor sub- 
strate in the vicinity of the oreach trench, forming 
a polycrystalline semiconductor layer on the re- 
maining part of the insulating coating and on the 
charge storage substance filling said trench(es), 
and transforming the polycrystalline semicon- 
ductor layer into a single crystal using the ex- 
posed part of the surface of the single crystal 
semiconductor substrate as a seed. 
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